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Abstract
The possibility of a scalar messenger that can couple the Standard Model (SM) to
a hidden sector has been discussed in a variety of contexts in the literature in re-
cent years. We consider the case that a new scalar singlet charged under an exotic
spontaneously broken Abelian gauge symmetry mixes weakly with the SM Higgs
resulting in two scalar mass states, one of which has heavily suppressed couplings
to the SM particles. Previous phenomenological studies have focussed on poten-
tial signatures for such a model at the Large Hadron Collider (LHC). However,
there are interesting regions of the parameter space in which the heavier Higgs state
would be just out of reach for LHC searches if its mass is & 1 TeV. We therefore
investigate the discovery potential for such a particle at a 3TeV electron-positron
collider, which is motivated by the recent R&D developments of the Compact Lin-
ear Collider (CLIC). We find that such an experiment could substantially extend
our discovery reach for a heavy, weakly coupled Higgs boson, and we discuss three
possible search channels.
1 Introduction
In addition to the known particles and interactions of the Standard Model (SM), there are many
compelling reasons to consider a ‘hidden world’ of particles. We define a hidden sector gener-
ically as any set of particles, in addition to those of the SM, that are not charged under any of
the SM gauge groups. The possibilities for such models are endless, and if they have no testable
consequences then such speculation has little scientific merit. However, there do exist a limited
number of interactions that could exist between a hidden sector and the SM that are renormal-
isable and relevant or marginal, i.e. corresponding to terms in the Lagrangian with dimension
≤ 4 and which therefore are not suppressed below some energy scale. Thus, it is reasonable to
identify and explore such possibilities as potential windows into a hidden sector. One possibility
is kinetic mixing of Abelian gauge fields of the hidden sector and the SM [1], where the resulting
phenomenology overlaps with standard Z′ physics [2].
A second possibility is a renormalisable interaction between scalar fields in the two sectors.
This mixing would be between the SM Higgs boson, which may have already been discov-
ered [3], and an exotic singlet scalar state that obtains a vacuum expectation value. This possibil-
ity therefore corresponds to an extended Higgs sector, with a new scalar that may be responsible
for spontaneous symmetry breaking in the hidden sector. For concreteness, we study a minimal
‘toy model’ of this type – the hidden abelian Higgs model [4] – which involves the addition of
a new scalar singlet charged under a U(1)hid gauge symmetry. The phenomenological conse-
quences of this model for LHC physics have been well studied, but there are significant regions
of the parameter space in which the new Higgs particle would be very difficult to detect at the
LHC if its mass is & 1 TeV [5]. The purpose of the present work, therefore, is to investigate the
possibility of detecting such a particle at the Compact Linear Collider (CLIC), a future electron-
positron collider experiment currently under discussion [6]. This experiment would have some
advantages for detecting such a particle when compared to the LHC, so this possibility is well
worth exploring. We present our key findings on the basis of a parton level analysis for the
recoil mass spectrum from e+e−H production in sections 3.1, the ν ¯νH → j jl+l−+MET signal
in section 3.2, and finally the H → hh → 4b signature in 3.3.
2 Hidden Abelian Higgs Model
We begin with a review of the hidden abelian Higgs model. In this model the hidden sector
contains a complex scalar singlet ΦH which is charged under a U(1)hid gauge symmetry. The
Higgs Lagrangian is
LHiggs =|DµΦSM|2 + |DµΦH |2 +m2ΦSM |ΦSM|2 +m2ΦH |ΦH |2
−λ |ΦSM|4−ρ |ΦH |4−η |ΦSM|2|ΦH |2
(1)
with m2ΦSM , m
2
ΦH , λ and ρ all positive (while η can take either sign). In this case, the U(1)hid
gauge symmetry is spontaneously broken by ΦH taking a particular vacuum expectation value
(vev) (〈ΦH〉 = ξ/√2 = mΦH/
√
2λ ). The resultant massless Goldstone mode gets absorbed by
the vector boson corresponding to the Abelian gauge symmetry, as in the SM. In the unitary
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gauge which eliminates the unphysical Goldstone modes, the scalar fields can be written
ΦSM =
1√
2
(
0
v+φSM(x)
)
, ΦH =
1√
2
(ξ +φH(x)) (2)
where v(⋍ 246 GeV) and ξ are the vevs of ΦSM and ΦH , while φSM(x) and φH(x) are the massive
modes of these fields. However, the mixing term η |ΦSM|2|ΦH |2 means that the physical mass
eigenstates h, H of the theory are a linear combination of the two
φSM =cosω h+ sinω H
φH =−sinω h+ cosω H (3)
where we choose MH > Mh, with
tan2ω =
ηvξ
ρξ 2−λv2 (4)
M2h,H = (λv2 +ρξ 2)∓
√
(λv2−ρξ 2)2 +η2v2ξ 2. (5)
The Higgs masses and mixing are subject to a number of constraints. Precision electroweak
constraints and direct searches play central roles in constraining what the parameter space can
be. The model has four free parameters. Starting with two key observables – MH and sinω –
one is left with two parameters that can be chosen freely. An analysis of the parameter space
of the theory [5] has shown that large regions are compatible with the theoretical constraints,
including the regions which are explored in this paper.
For MH ≥ 2Mh, which we assume throughout this study, the decay H → hh is possible. The
partial width for this decay is given by the tree level formula
Γ(H → hh) = |µ |
2
8piMH
√
1− 4M
2
h
M2H
, (6)
where µ is the coupling associated with the h2H term in the Lagrangian, the expression for which
can be found in [5]. H can also decay into the SM particles, predominantly WW , ZZ or tt, with a
width Γ(H → SM)= sin2 ωΓSM(H → SM), where ΓSM(H → SM)∼M3H is the standard tree level
result for a SM Higgs of mass MH . H could, in principle, also decay to hidden sector particles
with a hidden width Γhid . This possibility has been discussed in [4], and in section 3.1 we
briefly touch on a CLIC search channel which could be useful if the hidden width is significant.
However, in this paper we assume that hidden decays of H are kinematically forbidden (i.e.
the mass of the hidden sector products exceeds MH) and so only the SM and H → hh decay
channels contribute to the total width. The sin2 ω suppression of widths is central to this study.
A SM Higgs resonance becomes so wide once its mass is in the trans-TeV region that it becomes
impossible to find and it can no longer be understood as a particle. This suppression allows us to
keep the H resonance reasonably narrow despite its large mass, and therefore to exploit standard
search channels which have already been considered for the heavy (but sub-TeV) SM Higgs
case.
3
3 Heavy Higgs production at CLIC
CLIC is a proposed linear e+e− collider presently under discussion [6]. It is proposed to have
a nominal center of mass energy up to 3 TeV, and a design luminosity of 1035 cm−2s−1 which
should result in more than ∼ 500 fb−1 of integrated luminosity per year at peak design. Lepton
collision events have the advantage of being ‘cleaner’ than at a hadron collider, however, the
added complication of strong beamstrahlung at a TeV-scale lepton collider presents its own set of
issues. Beamstahlung is the emission of hard photons from the colliding bunches, a consequence
of the bending of particle trajectories in the strong electromagnetic fields which results from the
small bunch sizes required in a high luminosity linear collider [7]. The effects which are most
relevant to our study are the resulting γγ → hadron background, and the spread in the center of
mass energies of e+e− collisions.
Collisions between beamstrahlung photons result in hadron production focussed mainly in
the forward region of the detector, (θ . 100 mrad), but also with energy deposition per event
. 50 GeV in the region θ > 280 mrad relevant to the hadronic calorimeters [6]. This has the
potential to impact jet reconstruction and missing energy measurements, and proper evaluation
of this background requires a detector simulation. We have made no attempt to account for
this backround in our study, however, we expect its impact to be modest (e.g., see p.553 of
[8]). More significant is the effect of beamstrahlung on the luminosity spectrum; electrons loose
energy due to photon emission, and the effects on a colliding pair are correlated which makes a
parametrisation of the spectrum difficult. We account for this by making use of a luminosity file
generated from the program GUINEAPIG [9], which simulates the beam-beam interaction and
produces a list of pairs of particle energies which can be used in a Monte Carlo simulation on an
event-by-event basis.
Heavy Higgs production at CLIC proceeds predominantly via vector boson fusion, either by
ZZ fusion with final state e+e−, or WW fusion with final state νe ¯νe. The e+e− → Z∗ → HZ
‘Higgstrahlung’ process, which dominates at a low energy lepton collider like the International
Linear Collider (ILC), gets weaker with increasing center of mass energy such that at CLIC for a
1 TeV SM Higgs the Higgstrahlung production cross section is ∼ 1 fb compared with 8.4 fb for
ZZ fusion and 79 fb for WW fusion [10]. Although 1TeV Higgs boson is somewhat meaningless
concept in the SM, due to the strong, non-perturbative growth of its couplings at that high mass,
the computation of the cross-section at leading order is still useful for our purposes. This is
because the state we are interested in – the lightly mixed-in singlet Higgs boson –has couplings
that are small in comparison and perturbative due to the small mixing angle.
In the following sections we investigate three search strategies, focussing on that described
in section 3.2. All signal processes are simulated at tree level using the Monte Carlo event
generator PYTHIA 6.4.24 [11], while background processes are simulated using COMPHEP 4.4
[12]. The luminosity spread due to beamstrahlung is included in the PYTHIA simulations using
CALYPSO [13]. The beamstrahlung tool available in COMPHEP is suitable for a low energy
lepton collider, but the Yokoya-Chen approxiation which is used breaks down at high energies
and so is unsuitable for our study [7]. The backgrounds plotted in section 3.2 do not include the
effects of the luminosity spread. As we will discuss later, we consider this as a small systematic
error in our subsequent analysis. All signals are simulated in PYTHIA using CALYPSO and so
include the effects of beamstrahlung (except where explicitly stated otherwise).
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MH [TeV] sinω σ0 [ab] σB [ab]
0.6 0.5 182 113
0.6 0.1 7.31 4.80
1 0.5 73.5 38.0
1 0.3 28.9 15.3
1 0.1 3.24 1.61
2 0.3 7.03 3.52
2 0.1 0.762 0.378
Table 1: Total cross section σ0 (σB) for accepted electron recoil events, ignoring (including) the
effects of luminosity spread due to beamstrahlung. The cuts applied are θe± > 120 mrad
and Ee± > 700 GeV (350 GeV for MH = 2 TeV). These are based on 20000 generated
events each, so statistical errors are ∼1%.
3.1 Electron recoil mass spectrum
One inclusive search strategy is to look for recoiling high energy electrons from the ZZ fusion
process, which are peaked in the forward (small polar angle) region. This has the advantage of
summing over all possible Higgs decays, even invisible ones, and so provides a rather model-
independent search channel [14]. It suffers from relying on the smaller ZZ fusion cross section,
and from the fact that instrumentation for electron tracking and tagging can only cover angles
& 100 mrad and therefore can pick up only the tail of the electron distribution which peaks at
≃ 50 mrad (see left panel of figure 1). Events that result in both the outgoing electron and the
positron taking an angle θ > 120 mrad represent only 12% of the total production cross section.
The electron recoil mass is the invariant mass of the decay products against which the e+e−
pair recoil assuming the collision occurs at the nominal center of mass energy, defined as
Mrecoil =
√
(3000 GeV−Ee+−Ee−)2− (pe+ +pe−)2. (7)
A Higgs resonance would potentially show up as a resonant peak in this electron recoil mass
spectrum, centered at MH . We plot an electron recoil mass spectrum for MH = 1 TeV, sinω =
0.3 in figure 1, both excluding (solid black line), and including (dashed blue line) the effects
of beamstrahlung on the luminosity spectrum. Cuts applied are θe± > 120 mrad and Ee± >
700 GeV. Total cross sections for a range of points in the parameter space are presented in table
1. The width is calculated under the assumption that H decays only into SM particles, though as
explained earlier this channel could be used to search for an invisibly decaying Higgs. It can be
seen from table 1 that this channel is promising for a substantial region of the parameter space
(sin ω & 0.2 at MH ≈ 1 TeV, sinω & 0.3 at MH . 2 TeV), so long as backgrounds are small,
as is expected. It should be noted that for a 600 GeV SM Higgs boson, a consistency-check
calculation using this method gives a cross section which is a factor of 4 smaller than given
in previous work [14], apparently using the same cuts, and the reason for this discrepancy is
unknown.
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Figure 1: Polar angle distribution for recoil electrons (left) and electron recoil mass spectrum
(right) for MH = 1 TeV and sinω = 0.3. The dashed blue (solid black) line shows the
mass spectrum accounting (not accounting) for the effects of beamstrahlung on the
luminosity spectrum. Note that the differential cross section must be multiplied by the
bin width (20 GeV in the right plot), to get the cross section per bin.
3.2 ZZ decay channel
Here we conduct a parton level analysis to investigate the e+e− → νe ¯νe(H → ZZ → j jℓ+ℓ−)
channel (figure 2), where j represents a quark jet and ℓ represents a charged lepton (either e± or
µ±), which benefits from the high WW fusion cross section. We therefore seek events with a jet
pair and a lepton pair, each of which has an invariant mass close to that of the Z boson, and then
try to identify a resonance peak in the invariant mass spectrum of the ZZ system which would
correspond to the Higgs resonance. Missing energy and transverse momentum is provided by
the two neutrinos. However, the ZZ fusion process e+e−→ e+e−(H → ZZ → j jℓ+ℓ−) is indis-
tinguishable from WW fusion if the electrons escape down the beam pipe, and this contributes
roughly 5% to the signal. This process is therefore also included in our simulations.
Possible alternatives are 4ℓ and 4 j signals, however the 4ℓ signal suffers from a low Z → ℓℓ
branching ratio which strongly diminishes the signal, while the 4 j signal is subject to combinato-
rial backgrounds and large backgrounds from e+e−→ e+e−W+W− (with the electrons escaping
undetected down the beampipe [15]). The ν ¯ν j jℓℓ channel therefore represents a good compro-
mise. In our study we conservatively assume a gaussian quark jet energy resolution of 4% [16],
and detector acceptance cuts of E j,Eℓ > 20 GeV, θℓ > 120 mrad, θ j > 300 mrad [6]. We also ar-
bitrarily set the H → hh branching ratio B(H → hh) = 0.04, where BR = Γ(H→hh)Γ(H→hh)+sin2 ωΓSM(H→SM) .
A very high branching ratio would be likely to result in violation of the perturbative unitarity
constraints and result in a strongly interacting Higgs sector, while having the branching ratio be
any value less than ∼ 10% would not impact our analysis in a significant way.
The SM e+e− → ZZ background is very large and potentially drowns out our signal, despite
requiring center of mass energies in the low-energy tail of the luminosity distribution in order to
compete with the Higgs resonance. However, these ZZ pairs are peaked at pT (ZZ)= 0 GeV, with
some spread due to high energy photons being radiated from the initial state e+e− pair which
can then escape undetected down the beam pipe. Assuming photon detection capabilities down
6
Figure 2: H → ZZ → j jℓℓ decay mode.
to 100 mrad polar angle and 10 GeV energy, we find that a transverse momentum cut pT (vis)>
20 GeV renders this backround negligible compared to other backgrounds at all energies and it
is therefore ignored for the rest of this investigation.
We therefore identify the SM processes e+e− → ν ¯νZZ and e+e− → e±νW∓Z as the princi-
ple backgrounds for our signal, where in the latter case the W decays into a pair of quark jets
which can be misidentified as a Z due to finite W width and due to the jet energy resolution of
the detector, and the outgoing electron escapes undetected down the beam pipe. Diagrams in-
volving colinear photon emission from one of the electrons dominate this eνW Z process for low
electron angles, and so we use the Weizsaecker-Williams [17] approximation in calculating this
background with COMPHEP. We find that this calculation differs from that using the complete
set of tree level diagrams by no more than a few percent.
These backgrounds can potentially obscure the signal, and to achieve maximum confidence
for any discovery we wish to make further cuts in the kinematic distributions in order to sup-
press the background relative to the signal. The larger of these backgrounds is that from eνW Z,
which is typically a factor of two or three times greater than from the ννZZ process (depending
on the precise choice of cuts), however good Z identification can reduce it substantially. We
therefore choose cuts 12(MW +MZ)< M( j j)< (MZ +15 GeV), and (MZ −10 GeV) < M(ℓℓ)<
(MZ + 10 GeV), where the invariant mass M(12) is defined as M(12)2 = (p1 + p2)2. The in-
variant mass distributions M( j jℓℓ) for a 1 TeV Higgs with sin ω = 0.5 and 0.2 are compared
with the backgrounds after these cuts in figure 4 (left), where it can be seen that the eνW Z back-
ground has been reduced to a fraction of the ννZZ background. Figure 3 shows the transverse
momentum distributions (in a bin 800 GeV < M( j jℓℓ)< 1200 GeV), and it can be seen that the
backgrounds typically have higher pT ( j jℓℓ), but smaller pT ( j j) than the signal. This is because
the vector bosons that are emitted from the incoming electrons in the fusion process tend to be
emitted colinear with the beam leading to a low pT resonance, while the final state Z pair are
given large momenta due to the high mass of the decaying Higgs. The diagrams that contribute to
the background typically involve t-channel boson exchange which broadens their pT ( j jℓℓ) spec-
trum. We can exploit this by applying the cuts pT ( j jℓℓ)< 300GeV, pT ( j j), pT (ℓℓ)> 250GeV
for a 1 TeV Higgs. The effect that this has on the invariant mass spectrum can be seen in figure
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Figure 3: pT distributions for the Z decay products of the signal and background for 800 GeV
< M( j jℓℓ)< 1200 GeV. The solid black curves are the signal (MH = 1 TeV, sinω =
0.5), the coloured dotted lines are the two backgrounds (small blue – eνWZ, larger
green – ννZZ), while the red dashed line is their sum.
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Figure 4: Invariant mass distributions of the MH = 1 TeV signal and background before (left)
and after (right) applying the pT cuts. The black curves are the signal for two different
values of sinω , 0.5 for the higher peak and 0.2 for the lower. The blue dotted line
represents the eνWZ background, green dotted is ννZZ, and red dashed is their sum.
4 (right).
We now wish to count signal and background events in some M( j jℓℓ) bin for a range of
values of sin ω . We have Γ∼ sin2 ω , but for small values of sinω the width is dominated by the
finite resolution of the detector (corresponding to the jet energy resolution of 4%). To find an
appropriate set of cuts on M( j jℓℓ) we add these two effects in quadrature, giving:
MH − 12∆(sinω)< M( j jℓℓ)< MH +
1
2
∆(sinω) (8)
∆(sinω) =
√
a2
sin4 ω
sin4 ω0
+b2 (9)
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MH [TeV] pTmax( j jℓℓ) [GeV] pTmin( j j) [GeV] a2 [GeV2] b2 [GeV2]
1.0 300 250 1.4×104 402
1.5 250 450 1.128×105 602
2.0 200 650 1.456×105 1202
Table 2: Parameters for the cuts of equations 15 to 18.
where MH is a selected hypothesized Higgs mass to compare with the data, the parameters a and
b are chosen heuristically to match the widths of the resonances (see table 2), and sinω0 = 0.3.
The resulting cuts are not necessarily optimized for maximal signal to background ratio, but are
nonetheless found to be effective.
We repeat the preceding analysis to find appropriate sets of cuts for the cases MH = 1.5 TeV
and 2 TeV. The cuts which have been chosen are summarized below (equations 10 to 18),
and the parameters for the different values of MH are given in table 2. The growing value
of pT min( j j) reflects the extra kinetic energy provided by a heavier Higgs resonance, but the
declining pTmax( j j) does not reflect any change in the pT ( j j) spectrum with MH (it remains
roughly constant), but rather reflects a desire for more aggressive cuts as the signal diminishes
a little more rapidly than the background as MH is increased (see, e.g. figure 5 for the MH =
1.5 TeV case).
Detector acceptance cuts:
θℓ > 120mrad (10)
θ j > 300mrad (11)
Eℓ,E j > 20GeV (12)
Z reconstruction cuts:
1
2
(MZ +MW )< M( j j)< MZ +15GeV (13)
MZ −10GeV < M(ℓℓ)< MZ +10GeV (14)
Mass and pT cuts:
pT ( j jℓℓ)< pT max( j jℓℓ)(MH) (15)
pT ( j j), pT (ℓℓ)> pT min( j j)(MH) (16)
MH − 12∆(sinω ,MH)< M( j jℓℓ)< MH +
1
2
∆(sinω ,MH) (17)
∆(sinω ,MH) =
√
a2(MH)
(
sin ω
0.3
)4
+b2(MH) (18)
The number of signal events passing the aforementioned cuts for MH = 1, 1.5, 2 TeV and
for a range of values of sinω between 0.05 and 0.5 are plotted in figure 6 with ∫ Ldt = 3 ab−1,
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Figure 5: Invariant mass distributions of the MH = 1.5 TeV signal and background before (left)
and after (right) applying the pT cuts. The signal is represented by a black curve for
two different values of sinω , 0.4 for the higher peak and 0.1 for the lower. The blue
dotted line represents the eνW Z background, green dotted is ννZZ, and red dashed is
their sum.
and the corresponding confidence levels are plotted in figure 7. The maximum value of sinω at
each mass has been chosen to keep the resonance width within reasonable limits. It has been
explained that we have not simulated the effects of beamstrahlung on the background. The cross
sections for both background processes diminish with increasing center of mass energy, so the
effect of beamstrahlung would be to reduce the size of the background. It can be seen in table 1
that the effect of beamstrahlung on the signal is to multiply it by a factor between ≃ 0.5 and 0.65,
depending on the energy scale of the process. The background has a similar energy dependence,
so we would expect a roughly similar suppression of the background. Although we cannot be
sure of the exact scale of the suppression, we can place an upper bound of 1.0 and a lower bound
of 0.3 (since ≃ 30% of the luminosity is within 1% of the nominal center of mass energy), and
take 0.65 as our expectation. We represent these bounds by the shaded areas in figure 7. For
each mass value, the central line represents a 0.65 background suppression factor, the upper
confidence bound represents a 0.3 suppression factor and the lower confidence bound represents
no suppression (factor 1.0). Although these bounds cover a broad range of confidence levels, we
expect the true result not to differ very much from the central expectation value.
3.3 hh decay channel
The decay H → hh (figure 8) is allowed if MH > 2Mh. For the small mixing angles considered
here, it can be expected that the light state h will have a mass close to that predicted for the
SM, which has bounds 118 GeV . Mh . 130 GeV from direct searches [3, 18], with another
region opening up for Mh ∼> 500GeV, but this region is less favored by precision electroweak
analysis. This light Higgs will decay with appreciable branching fraction into bottom quarks b.
Jets produced from b quarks can leave a highly distinctive signature, and can be identified as
such with some probability – the b-tagging efficiency. The channel H → hh → b¯bb¯b therefore
has the potential to give a very clear signal, as the backgrounds for b¯bb¯b are likely to be small at
10
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Figure 6: Number of signal events from ¯ννH → ¯ννZZ→ l+l− j j+MET that pass the kinematic
cuts with ∫ Ldt = 3 ab−1, with log scales on both the x and y axes. The markers
represent the data points. Green circles, blue squares and red triangles correspond to
MH = 1.0, 1.5, 2.0 TeV respectively. Each data point is calculated using 10000 signal
events, with a statistical error of 1%.
an electron-positron collider.
A complete analysis of this would require varying four free observables – MH , Mh, sinω ,
B(H → hh), all of which contribute to the size of the signal, and it would be required to test
that our points meet the existing theoretical and experimental constraints on the Higgs sector.
Instead, we can use the data plotted in figure 6 to estimate the number of b¯bb¯b events that we
could expect to see, given some value of B(H → hh) and B(h→ b¯b). If we require three or four
b-tags, the probability of accepting an hh→ b¯bb¯b event is T ( fb) = 4 f 3b (1− fb)+ f 4b , where fb is
the b-tagging efficiency. A value fb = 0.9 [16] gives T ( fb) = 0.9477, while a more conservative
fb = 0.5 gives T ( fb) = 0.3125. The number of b¯bb¯b events, N4b, as a function of the number of
j jℓℓ events, N j jℓℓ, is then roughly
N4b ≃ T ( fb)B(H → hh)B(h → b¯b)2
(
N j jℓℓ
2B(Z → j j)B(Z → ℓℓ)B(H → ZZ)
)
≃ 13T ( fb)B(H → hh)N j jℓℓ
(19)
having taken the values B(h → b¯b) = 0.6 (consistent with mh = 125GeV), B(Z → j j) = 0.699,
B(Z → ℓℓ) = 0.067, B(H → ZZ)= 0.295. So for instance, with fb = 0.9 and B(H → hh) = 0.05,
we get N4b = 0.62N j jℓℓ, while fb = 0.5 would give N4b = 0.21N j jℓℓ. Clearly there are large
regions of the parameter space that was explored in section 3.2 that could also give a clear b¯bb¯b
signal, though this is much more sensitive to the choice of parameters.
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Figure 7: Expected confidence level of discovery σconf with ∫ Ldt = 3 ab−1 from the signal
¯ννH → ¯ννZZ → l+l− j j +MET . The markers represent the data points. From top
to bottom, the curves correspond to MH = 1.0, 1.5, 2.0 TeV. The filled regions rep-
resent the systematic error due to the unknown suppression of the background from
the beamstrahlung luminosity spread, and are absolute bounds. The upper and lower
limits represent beamstrahlung background suppression factors (see text) of 0.3 and
1.0 respectively, and the central line 0.65. Statistical errors are ≃ 3%.
Figure 8: H → hh → b¯bb¯b decay mode.
4 Conclusions
Although current searches for new physics at the TeV-scale are focussed on the experiments at
the LHC, it should be remembered that there are possible states that could influence the elec-
troweak symmetry breaking sector yet remain undiscovered there, but which could be discovered
by new experiments that we currently have the capability of building. One such possibility is
12
the case where a hidden sector scalar mixes lightly with the SM Higgs, resulting in two physical
massive Higgs particles. The light mixing implies a heavily suppressed coupling to the SM for
one of these particles, which makes its discovery very challenging.
In this paper we have investigated the prospects for finding a trans-TeV Higgs particle at a
3 TeV electron-positron collider and have found that CLIC could substantially extend the reach
for such searches compared to the LHC. We have discussed three possible search channels: an
electron recoil analysis, which would be particularly useful for an invisibly decaying Higgs,
the SM-like decay H → ZZ → j jℓℓ mode which is powerful and generic, and H → hh → b¯bb¯b
decays which could give a very clear and distinctive signal, shedding more light on the model
parameters. Data from a variety of channels could be combined to boost the confidence level for
any discovery. It must therefore be stressed that standard heavy higgs search channels that are
normally considered for masses < 1 TeV could be of importance well into TeV energies, due to
the possibility of strong width suppression. Although the case for a multi-TeV electron-positron
collider depends on whether new physics is discovered at the LHC and on what form it takes, we
believe that the potential for discovering new scalars that couple to a hidden sector, and which
might not be found at the LHC, enhances that case.
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